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Background
Mathematics is fundamental in our technologically oriented world. Thus, mathematically gifted students have the potential to assume critical roles as creative contributors and future leaders due to their insightful reasoning and passion for mathematics. However too often, these students languish in classrooms working on tasks that offer limited scope for learning and provide scant opportunities for the development of the intelligent behaviors necessary for success in life (Costa, 1998 ) (See Table 1 ). In Australia, there is a concern that we are not fostering adequate numbers of students who have "mathematical capabilities in the broad spectrum of areas with quantitative links" or "the high level expertise capability of the discipline of mathematical sciences" needed by society (MacGillivray, 2000) . Although some mathematically promising students may have opportunities to participate in mathematics competitions, this ad hoc approach to challenging work does not provide rich, coherent, and integrated learning experiences that adequately meet the needs of these students. Given those students who regularly engage in highlevel thinking and reasoning in problem solving outperform students who lack this opportunity (Silver & Stein, 1996) , it is necessary to establish how to select and implement problem solving tasks that will have cognitive and affective benefits for gifted students. Thus, the purpose of this study was to explore the cognitive challenge of novel problem-solving tasks and to ascertain the support that is required by students engaged in challenging tasks. In particular, we sought to demonstrate that the mathematical learning by gifted students requires differentiation practices that address not only the nature of the task but also the learning environment. Table 1 . (Costa, 1998, pp. 400-405) 1. Persistence: Persevering when the solution to a problem is not readily apparent 2. Managing impulsivity 3. Listening to others with understanding and empathy 4. Flexibility in thinking 5. Metacognition: Awareness of own thinking 6. Checking for accuracy and precision 7. Questioning and problem posing 8. Drawing on past knowledge and applying it to new situations 9. Precision of language and thought 10. Using all the senses 11. Ingenuity, originality, insightfulness, creativity 12. Wonderment, inquisitiveness, curiosity and the enjoyment of problem solving
Intelligent Behaviours Evident in Successful People

Mathematically Gifted Students
Mathematically gifted students are identified through their advanced reasoning capabilities and their passion for mathematics (e.g. Johnson, M. 1983; Sheffield 1999) .
However, "computational proficiency", is commonly used as the criterion that determines who gets to move on to more interesting material and not necessarily quality of thought (Johnson, D. 2000) . Gifted students' strength and interest in mathematics not only sets them apart from their classmates, but identifies them as a "marked" group or "deviant" population, because the general population finds mathematics difficult and holds negative attitudes towards it (Damarin, 2000) . Community attitudes, manifested in the labelling of these students as "little Einsteins" or "nerds", marginalise them and provide little encouragement and recognition of the importance of their gifts. Mathematically gifted girls are considered to be "doubly marked" because society finds an orientation towards mathematics less acceptable for girls than for boys (Damarin, 2000) . Thus, although mathematically gifted students have characteristics that predispose them towards high performance and creative achievement, they may also feel isolated and different from their classmates. Hence, to achieve a fulfilling life they will need support to develop and capitalise on their unique capability.
Problem Solving and Instructional Tasks
The ability to solve novel (non-routine) problems is an important mathematical goal for students in the 21st century (Australian Education Council [AEC], 1991; National Council of Teachers of Mathematics [NCTM], 2000; Romberg, 1994) . Solving novel problems provides students with the opportunity to work mathematically and to engage in high-level cognition by exploring, conjecturing, analysing, justifying, questioning, discussing, writing about, and applying mathematics (AEC, 1991; NCTM, 2000) . Although novel problem solving is an ideal domain for gifted students because it provides opportunity for high-level cognition, if the "novelty" of a task is reduced, there is limited opportunity for these students to work mathematically and develop the metacognitive skills necessary for autonomous learning and advocated as important in the education of gifted children (e.g., Betts & Neihart, 1986; Diezmann & Watters, 2001 ).
The quality of instructional tasks determines the opportunity for students to develop mathematical power through high-level thinking and reasoning (Henningsen & Stein, 1997) . However, it is too simplistic to consider tasks as "set" or "fixed", as the potential for learning from a task varies from individual to individual. Thus, each task has a relative cognitive value for an individual. Tasks that are too easy or too hard have limited cognitive value. Clearly the role of the environment and scaffolding from teachers are also important. The difference between what an individual can accomplish independently and with support is well substantiated by the notion of the Zone of Proximal Development (Vygotsky, 1978) . Tasks that are problematic and offer a degree of challenge within an individual's Zone of Proximal Development have high cognitive value. When an individual engages in a task that has high relative cognitive value for him or her, the potential for learning is enhanced (Diezmann & Watters, 2000) .
The relative cognitive value of a task, however, can change during the process of problem solving. Tasks exist at four levels and the transition between these levels moderates the level of thinking and reasoning required on a task (Henningsen & Stein, 1997 ) (See Table 2 ). For example, a task might initially require high-level thinking but if it is presented to the students in piecemeal fashion, the challenge of the task, and hence, the opportunity for high-level thinking and reasoning is reduced. Thus, teachers and students play a crucial role in determining the relative cognitive value of a task (Hiebert et al., 1996) : "Tasks are inherently neither problematic nor routine. Whether they become problematic depends on how teachers and students treat them (p. 16)." Table 2 Conditions Where Task Difficulty Can be Modified The task as represented in the curriculum or instructional materials. The task as announced to the students by the teacher. The task as implemented by the students. The task as reflected in the products accepted by the teacher.
The teacher assumes multiple roles and responsibilities in supporting students in problem solving. For example, the teacher should "select and set-up worthwhile mathematical tasks ... [and] proactively and consistently support students' cognitive activity without reducing the complexity and cognitive demand of the task" (Henningsen & Stein, 1997, p. 546 ). However, due to the cognitive demand that occurs in challenging tasks, there can be pressure on the teacher to reduce the challenge in the task (Doyle, 1988) by simplifying the task or providing hints for learners (Rosenshine & Meister, 1992) . Consequently, providing scaffolding to the whole class, on the pretext that all students will benefit (Doyle, 1983) , creates a paradoxical situation. If the teacher provides unnecessary support for students who have the ability to accomplish a task without support, the relative cognitive value of a task is reduced for these students. Thus, scaffolding should be used judiciously. Unnecessary scaffolding can inhibit rather than facilitate students' learning because "some students are able to circumvent task demands or work at tasks that are below their level of ability" (Doyle, 1983, p. 180) . The gifted students are likely to be most adversely affected by unnecessary scaffolding. For example, a classroom task that has some cognitive value for gifted students may become valueless if the teacher (or another student) takes over the challenging aspects of the task, and it becomes routine (Stein, Grover, & Henningsen, 1996) .
Just as the level of challenge of a problem can be lowered through scaffolding, the level of challenge of a task can also be raised through problematisation. A task can become more challenging, for example, when the difficulty of the goal is increased, when there are additional obstacles to solution, or when students are required to use specific mathematical knowledge in the solution process (e.g., concepts, procedures, representations, rules, or reasoning). For example, some students find the generation and use of a diagram in the solution of novel problems challenging (e.g., Diezmann & English, 2001 ). As problematising a task results in a modification in the level of challenge of the curriculum, it is consistent with the strategy of curriculum differentiation, which is advocated for gifted students (VanTassel-Baska, 1997) . Gifted students achieve remarkably when the tasks and teaching strategies are appropriate for their ability level (e.g., Metz, 1995) but they are susceptible to underachievement (Rimm, 1997) and behavioral problems (Diezmann & Watters, 1997) when their needs are not met. Thus, problematising a task is an effective way to address the lack of challenge of instructional tasks for gifted students.
Factors that Support and Inhibit High level Cognition
As the quality of mathematical opportunities, rather than the background or ability of students is linked to low levels of performance and participation in mathematics (Silver & Stein, 1996) , it is important to consider the factors that support and inhibit cognition. Opportunities for high-level cognition is facilitated by five support factors and reduced by six inhibitory factors (Henningsen & Stein, 1997, p. 534 ) (See Table 3 ). Thus, to create an environment conducive to high-level cognition, we should develop the factors that support cognition and address those factors that inhibit high-level cognition. The outcome of high-level cognition should be the development and demonstration of intelligent behaviors in mathematics (See Table 1 ). scores, classroom performance, and peer nominations. Specifically, these students (1) had performed in the top ten percent of their age group on researcher-administered tests of number and novel problem solving, (2) had been identified by their teachers as being consistently among the top classroom performers in mathematics, and (3) had been nominated at least once by his or her peers as one of the three most capable mathematics students in the class. The participants' problem solving was explored within the naturalistic context of their classrooms and within a clinical setting where the tasks and learning environment were modified to create various conditions for learning. The settings are discussed shortly.
Design
An exploratory case study design enabled the exploration of different combinations of task and environment. We wanted to establish the impact of difficulty of the tasks where in one condition they remained unchanged but implemented in different classroom environments and in the other they were of increased difficulty. Thus, two levels of tasks were developed, one henceforth referred to as a regular task (RT), and the other was optimised for greater challenge. This more difficult task is henceforth described as an Optimised Task (OT). These are described in more detail shortly.
Two environments were investigated, namely the Regular Environment in the classroom (RE) and an Optimised Environment created in a clinical setting (OE). Thus the three conditions explored were:
• Condition 1: The naturalistic setting of mixed ability classrooms during which the students worked on Regular Tasks within a Regular Environment (RT-RE); • Condition 2: A student-centred clinical setting, in which students worked on Regular Tasks in an Optimised Environment (RT-OE), and • Condition 3: A student-centred clinical setting, in which students worked on Optimised Tasks in an Optimised Environment (OT-OE).
The fourth condition would have been to been to implement an Optimised Task within a Regular Environment (OT-RE). This condition is unrealistic and was not explored because the optimised tasks were substantially more challenging than regular tasks, and hence, would have been beyond the capability of the majority of students in mixed ability classrooms.
Learning Environments
The learning environments in the regular classroom and clinical settings varied substantially (See Table 4 ). Although the classroom was considered as representing a Regular Environment (RE), the learning environments did vary across the four classrooms reflecting individual differences in approaches adopted by the four teachers. The gifted students worked with regular students in their classrooms. In the clinical setting, our goal was to create supportive conditions for highlevel cognition by ensuring the provision of support factors and by minimising the inhibitory factors as detailed in Table 3 . Hence, the clinical setting represents an Optimised Environment (OE). Only the gifted students worked in the clinical setting. The students worked in friendship pairs. Working with a friend creates an opportunity and purpose for dialogue about problem solving. The classroom teachers determined the pacing and order of the problems.
The pairs of students determined the order and pacing of the problems. The classroom teachers provided support to their students, as they deemed appropriate.
A fifth teacher (CMD), who was known to all students, provided support to students upon request. The classroom teachers provided the support they considered was appropriate for a mixed ability class of students.
The support was tailored to the ability of particular students and consisted of minimal scaffolding and encouragement to try new approaches to problem solution.
Problem Solving Tasks
The tasks comprised three sets of problems. Set 1 was used in the classroom and Sets 2 and 3 were used in a clinical setting. The first two sets of tasks were derived from a group of 24 problems that had been compiled from a wide range of curriculum resources regularly used with this age group of students. These tasks were trialled with over one hundred students of a similar age and were subsequently graded as easy, moderate, hard or very hard for that age group. Two sets of ten problems matched in difficulty were identified during this process. These tasks are referred to as Regular Tasks (RT). Four problems out of the original 24 problems were discarded because they did not readily correspond to any other problems in difficulty level. Set 1 comprised the full set of ten regular tasks. Set 2 consisted of eight problems that were similar in difficulty to eight of the problems in Set 1 but were administered in the clinical setting. The problems in Set 2 consisted of two easy, two moderate, two hard and two very hard tasks. The additional two tasks that corresponded to the problems in Set 1 were not used to avoid fatigue. Set 3 comprised eight tasks that were derived from the problems in Set 2 but had been problematised. Problematising a task increases the cognitive challenge of tasks by increasing obstacles to solution, or by requiring students to engage in novel solution processes. Increasing the obstacles to solution in a task may occur when constraints are introduced or there is an increase in the quantitative aspect of the task (Diezmann & Watters, 2000) . Thus, although the contexts of problems in Set 3 was similar to those in Set 2, the tasks in Set 3 were more challenging for students. These tasks are referred to as Optimised Tasks (OT). Examples of Regular and Optimised Tasks follow (See Table 5 ). The example tasks from Sets 1 and 2 were similar in difficulty for this age student. The problematised task in Set 3 was based on the regular task in Set 2. Four friends decide to throw a party to celebrate the end of school and share the expenses equally. Dave buys $8 worth of soft drinks, Josh buys $5 worth of ice-cream, Sarah spends $2 on a cake and Emily buys popcorn for $3. In addition, Emily also pays $6 to hire a giant popcorn popper. To be fair, who owes money to whom?
Four friends decide to throw a party to celebrate the end of school and share the expenses equally. Dave buys $8 worth of soft drinks, Josh buys $5 worth of ice-cream, Sarah spends $2 on a cake and Emily buys popcorn for $3. In addition, Emily also pays $6 to hire a giant popcorn popper. Who owes money to whom, if the friends agreed that Dave and Sarah should pay twice as much as Josh and Emily because Dave and Sarah were each bringing a friend?
Implementation
The four teachers implemented ten Regular tasks over two classroom sessions. The teachers were asked to implement these tasks in the way they felt most appropriate for their classes. Hence, although the tasks were common to all classes, variation in the implementation of these tasks across the four classes was anticipated.
During the four clinical sessions the students were presented with two Regular Tasks and two Optimised (problematised) Tasks by one of us, who assumed the role of the fifth teacher (CMD). This teacher did not teach a regular class but was known to all gifted students. In each clinical session, a regular task was presented first. Subsequently, the problematised task, developed from the regular task, was presented. This cycle was then repeated. In these sessions, a friendship pair worked on the problem and rang a bell when they had finished the task or required assistance. While the students worked on the problems, the teacher was out of their sight in an adjacent compartment of a van as described shortly. In providing support, the fifth teacher was guided by three instructional options, which were used in order to maximise high level cognition: (a) to provide no scaffolding, (b) to provide a general prompt, or (c) to provide a specific prompt.
Questionnaire
Gifted students completed a ten-item open-ended questionnaire related to school mathematics after the classroom sessions but before the commencement of the clinical settings. This paper considers responses to the following four questions from the questionnaire to reinforce interpretation of student perceptions about the tasks and the environment:
1. Do you like schoolwork to be easy or hard? 2. How hard is the work in your maths class? 3. Is the maths interesting in your class? 4. What would the perfect maths lesson be like?
Data Collection and Analysis
The data comprised video recordings, students' work samples and responses to the student questionnaire. Three video cameras were used in the classrooms to capture the performance and interactions of the gifted students. Video data were collected as unobtrusively as possible and students were not advised about who was the focus in data collection. Video data in the clinical settings were collected in a purpose designed educational video van, which had two separate compartments. Students worked in one compartment, which contained a table and chairs and wall-mounted video cameras. The two researchers were in the second compartment, where they could monitor students' progress but were out of sight and hearing of the students. The video cameras and recording equipment were controlled by one of us (JJW) from this compartment. The other assumed the role of the fifth teacher (CMD). Work samples were collected in all sessions. Video tapes were observed by both researchers. Student behaviours, discourse and problem solving actions were plotted on a time line and examined for evidence of critical events that demonstrated the existence of supportive and inhibitory factors for high-level cognition and intelligent behaviours. A log of interactions was developed from these data as the main database. This was complemented by work samples and responses from students in the questionnaire. This log enabled us to develop assertions about the style of teaching, the way the tasks were presented, and how students were supported to solve these tasks. Consensus between the researchers was achieved by discussion and review of the original data sources.
Results
The support factors and inhibitory factors for high level cognition were explored in each of three different learning conditions. Evidence of intelligent behaviors was sought through analysis of the qualitative data collected in these conditions. Each condition is discussed in turn.
Condition 1: Regular Environment-Regular Task (RE-RT)
Supporting and inhibiting conditions. In Condition 1, we observed two styles of teaching. One style was primarily responsive to students' difficulties as they arose, and the other was primarily interventionist, in which the teacher pre-empted the difficulties that students might have in problem solving.
The teachers of Classes A, C, and D presented the tasks to the students without any specific elaboration or assistance but were responsive to the students' needs. They provided some revision of generic problem solving strategies or clarified terminology in response to students' questions but made no attempt to provide strategies to solve the immediate problem. Consequently, students in these classes worked on tasks individually or in small groups and sought help from the teacher if necessary. The teachers' interactions with students involved scaffolding designed to assist the students to solve the immediate problem. This assistance was only provided to the students who required it. The rest of the class proceeded with the task at hand. These teachers displayed effective teaching behaviors (Leinhardt, 1990; Sternberg & Horvarth, 1995) . At the conclusion of the problem solving sessions, the teachers required students to explain their problem solving strategies. In one class, students were also expected to record self-reflections on their experiences before handing in their work. These behaviors and practices provide support for asserting that the task difficulty was maintained in these classes.
Teacher B adopted a more interventionist style. For example, she introduced problems and then proceeded to restate details and provide clues and support to assist students to solve the particular problems even before they had started working on them. The teachers subsequently stopped the class when several students expressed difficulties and then provided extra assistance to all students -irrespective of whether they needed help or not. The teachers' behavior seemed to cue some students' behavior, which was characterised by seeking help more often and more rapidly than students in other classes. This teacher's lessons concluded with students handing in worksheets, some of which were incomplete. Unlike students in Classes A, C and D, these students had no opportunity to share solutions. Thus, the interventionist teacher reduced the level of challenge of the task in (1) her presentation of the tasks to the students, (2) in the way the students implemented the tasks, and (3) by providing no opportunity for students to discuss the tasks and learn from each other's solutions.
Clearly, the responsive teachers (A, C, D) provided an environment that attempted to meet the needs of individuals with a diverse range of abilities. In contrast, the interventionist teacher (B) limited the opportunity of all students for learning by reducing the initial level of challenge of the task and by adopting strategies that assumed all students needed assistance and shared common difficulties. Although, the approach of the responsive teachers was studentcentred, the approach of the interventionist teacher was predominantly teacher-centred.
In all classes, teachers acknowledged the importance of prior knowledge but they appeared unaware of the need to provide more challenging problems for the gifted students in these classes. No strategies that acknowledged their need for appropriate challenge were deliberately implemented.
Observations suggest that although the regular tasks were generally too easy for gifted students, the learning environment of Classes A, C and D was preferable to Class B. In Classes A, C and D, gifted students did have opportunities to explain their reasoning to others and to develop reflective skills. Appropriate scaffolding was potentially available. For example, it was evident, that teachers in these classes encouraged students who had completed problems to find alternative solutions. There was also pressure for students to explain their strategies, which encouraged higher-level cognition. These opportunities were very limited in Class B. Nevertheless, Classes A, C and D were not ideal for gifted students. Apart from the ease of the task, these students had considerable unproductive time. They completed the set tasks quickly and occupied themselves aimlessly until it was time for the discussion.
In all classes, there was limited opportunity for students to demonstrate intelligent behaviors of persistence, flexibility, and metacognition. It is noteworthy that most of these students did not advise the teachers that they had completed the tasks nor did any students seek extra work. Interest levels were generally low and students displayed little desire to check the accuracy of their work. The necessity to explore alternative strategies or engage in flexible thinking was lacking. In all classes, gifted students were observed to engage in undesirable behaviors, including lack of group cooperation, boredom, and disinterest in the task. These tasks neither required students to draw upon all senses nor provide opportunity to display originality or curiosity in the solving the tasks. Although they discussed ideas with other capable students in their groups, there was an unwillingness to share answers with less capable group peers or to listen empathetically to their opinions. For example, at one extreme, Sally (a gifted student) frequently engaged in discussion with Bill (another gifted student in her group), but she excluded Robert, a less capable student, from these conversations to the extent that she did even make eye contact with him. Additionally, the teachers infrequently called upon the gifted students to explain their work. These behaviors did not constitute major management problems, but they did represent conditions that inhibited high-level cognition and provided limited opportunity for students to display or develop intelligent behaviors.
Responses from the 20 gifted students to the first three questions on the survey supported and informed the interpretation of the Regular Environment in which students undertook Regular Tasks.
Question 1: Do you like schoolwork to be easy or hard?
Twelve of the 20 gifted students expressed a clear preference for their schoolwork to be "hard". Students who expressed this preference associated it with the need for challenging work and opportunities for thinking. For example, Sarah and Brian responded respectively "I like it to be hard. I like a challenge", and "I like it to be hard because it makes me think harder." However, three students stated they preferred the work to be "easy". Martin: Easy, so then you don't have to think as much.
Mohan: Easy: Because you can finish it and have fun.
Lee: Easy. You know if it's easy you will pass.
These latter responses raise some concern that students value short-term success at the expense of deeper understanding, a disposition that might pre-empt underachievement.
Five students expressed a preference for a combination of both "easy" and "hard" schoolwork. For example, Sally wrote, "I like a mixture of both. Sometimes you want to challenge yourself but other times you just want to relax and know that you've got the right answer." Although responses such as Sally's highlight the importance of challenge for these students, it also emphasises students' achievement orientation.
Question 2: How hard is the work in your maths class?
Only one of the twenty gifted students identified the mathematics done in the classroom as consistently "hard". Twelve students commented that the work was "easy". For example, Brian stated, "Mostly it is easy and rarely do you have to think about it." Lisa elaborated that "Its sort of easy because most of it is revision." The remaining seven students described the level of mathematics as moderate with some variation in difficulty. For example, Ryan distinguished between the level of difficulty of classwork and tests "It is usually quite easy, because it is only hard on tests." These responses suggest that generally the level of challenge was low which is consistent with the classroom observations.
Question 3: Is the maths interesting in your class?
Four of the gifted students reported mathematics as consistently interesting in their classrooms. For example, David wrote "Yes, because our teacher puts (up) challenging questions for us." In contrast, eight students reported the opposite. Their reasons highlighted the lack of challenge and the slow pace of instruction: "Most of it is revision so it's fairly boring" and "It can be (interesting) but it is boring when the teacher is repeating herself again for the people who don't know." The remaining eight students were equivocal in their responses. For example, Kim wrote, "Sometimes it is (interesting) but sometimes when I know how to do it, it is not very interesting." One student, Bianca, suggested "Not really, you don't really have a choice if you want to do it or not but it can be interesting if you make it interesting." This response recognises a desire by students to assume more autonomy and a personal capability to seek higher levels of challenge, a theme that emerged in responses to Question four on the survey which is discussed later.
The next condition to be discussed utilises tasks of similar difficulty to Condition 1 but differs in the nature of the environment.
Condition 2: Optimised Environment-Regular Task (OE-RT)
In the first clinical situation, the students worked in friendship pairs to complete the regular tasks. Three features characterised the fifth teacher's instructional approaches. First, problems were presented in written format without comment. Second, scaffolding was only provided when requested by the students or when the teacher noticed that the student had made some error. In giving support, the teacher encouraged the students to continue to explore the problem by providing both general and specific prompting. For example, as a general strategy the teacher encouraged students to explain their ideas carefully to each other as they went so that their partner would understand their thinking and could critique it. When specific problems arose that neither student could solve, they would ask the teacher for support. She would provide more prompting by encouraging students to identify patterns in the results and looking for general rules within that problem. This helped to develop mathematical thinking. Alternatively, if, for instance, the student had attempted to use a diagram without success, the teacher would provide more specific prompting by suggesting: "Could you do it without a diagram." In general in this situation, the students completed all tasks rapidly and without difficulty, and hence, the extent of scaffolding necessary was minimal. Third, when the students were successful, they were again encouraged by the teacher to work mathematically: "How could you prove you were correct" or "Is there a way to prove the answer?" Nevertheless, in this situation evidence of doing mathematics in original and thoughtful ways was minimal. Tasks were completed rapidly requiring little collaboration. However, when there was disagreement over the solution to a problem, students listened to each other with understanding and empathy, and spontaneously checked the accuracy of their solutions. Collaboration was mostly only necessary to achieve consensus on solutions. When tasks were completed to their satisfaction, students moved rapidly onto another task, and hence, little time was wasted during the task and between tasks. This work orientation was in contrast to the time-wasting behavior evident in Condition 1.
Condition 3: Optimised Environment-Optimised Task (OE-OT)
Students working in the optimised environment on problematised tasks persisted with the task for long periods of time and with limited success without teacher assistance in most cases. The difficulty of these tasks and the limited success of the students fostered considerable collaboration in which they listened to each other's suggestions and explored different strategies. Flexibility of thinking, demonstration of metacognition to review strategies, and ingenuity to invent new strategies were clearly evident. Students also drew explicitly upon past knowledge and questioned each other about the parameters of the problem and ways to overcome obstacles to the solution.
In this condition, students were committed to completing the tasks to the extent of trying to solve specific problems for up to 40 minutes without giving up. When all avenues for solution had been exhausted, the students sought help from the teacher. However, they only sought sufficient support to overcome the immediate blockage in a solution path. When this support was provided, the same style of general prompting was implemented, as in Condition 2, with a strong emphasis on encouraging students to review strategies and reflect upon their thinking.
An example of one pair of students typifies Condition 3. In solving the party problem (Table 5 ), Sally and Bill commenced the problem collaboratively at 2:16. Initial observed behaviours included confusion, guessing amounts and the application of different solution strategies. There was frustration evident in both verbal language and body language. By 2:19 they had lost sight of the problem and were talking in terms of giving money to a child who is "going to" buy the food. At 2:25, the students called upon the teacher for assistance. She provided clues by focussing their attention on the total that had been spent on the party. The teacher left and the students continued with the problem until 2:33 when they sought further assistance. The teacher then prompted them to think about "how much each child should pay." This hint was sufficient for them to recognise a solution path, which was accompanied by considerable excitement -"aha!" -and rapid solution of the problem. The students calculated the answer by comparing what each person had already paid and what they should pay.
It was only when students had struggled with a problem, and had overcome frustration that they experienced the "aha" of insight like Sally and Bill. Episodes that required considerable ingenuity and creativity clearly resulted in expressions of enjoyment of problem solving. Thus, the observational data provided clear indications in Condition 3 that the students were engaged in high level cognition and demonstrating a range of intelligent behaviors.
The preference for challenge and a strategically supportive environment that characterised Condition 3 were supported by students' responses to Question 4 in the survey, which provided students with the opportunity to describe their perceptions of a perfect mathematics lesson. Their comments also emphasised the importance of success and enjoyment. A description of the four themes follows.
Question 4: What would the perfect maths lesson be like?
The first theme described the perfect maths lesson as challenging, involving thinking and problem solving. For example, Rosa and David commented respectively "The perfect maths lesson would be full of problems and hard questions" and it would be "Challenging and need a lot of solving to do." The second theme was that the students expressed a desire for some autonomy. For example, Lisa commented "You would just get in and (do) the sum or problem instead of talking about it." Brian went further in stating his preference for "A lot of maths questions and no teacher." These views support the strategically supportive environment that was created in Condition 3 but contrast to learning environments in Condition 1 where unnecessary teacher assistance was provided. The third theme was students' orientation towards success. This was variously expressed as "getting every question right", "something that teaches you something really well" and activities that involve "beat(ing) the clock." The fourth theme highlighted students' preferences for games, and a desire for interesting and enjoyable activities.
Their comments included "playing a Playstation with games that have maths in it", mathematics that was "very fun" and "interesting -no revision."
An analysis of student responses to this question in relation to Henningsen and Stein's (1997) framework for tasks (See Table 2 ) provides insight into how the cognitive challenge of tasks can be enhanced. Their comments related to each of the conditions where task difficulty can be modified in a lesson (See Table 6 ). Table 6 The Perfect Mathematics Lesson 1. The task as represented in the curriculum or instructional materials.
• Task difficulty: "challenging and need a lot of solving to do" but some "easy" work.
• Quantity of tasks: "full of problems"
• Type of tasks: "Interesting problems" and "fun and games"
• Choice of tasks: "You could learn anything you want" and "No revision"
2. The task as announced to the students by the teacher.
• Preparation for the task: "You would just get in and (do) the sum or problem instead of talking about it"
3. The task as implemented by the students.
• Assistance during implementation: "There wouldn't be problems with people being slow to learn and the teacher wouldn't have to stop everyone to tell how to do the problem again" • Teacher support: A good teacher who "teaches you something really well" or maybe "no teacher"
• Peers: "You can sit next to anyone you want to" 4. The task as reflected in the products accepted by the teacher.
• Correctness of response: "Getting every question right"
Discussion
A comparison of Conditions 1, 2 and 3 provided overwhelming support for the importance of using challenging tasks and the supportive environment, which characterised Condition 3. The five supporting factors for high-level cognition were apparent in both Conditions 2 and 3. Similar levels of support were evident in both conditions in the selection of (1) tasks that built on students' prior knowledge, (2) the modelling of high level performance, and (3) the appropriate amount of time for the tasks. However, in condition 3 there was a substantial increase in (4) scaffolding by the teacher and by the students themselves. This increase in scaffolding resulted from the need for hints and clues to reach a successful solution on these more difficult tasks. There was also an increase in (5) the sustained press for explanation and meaning. Due to task difficulty, the students made more requests for assistance. The teacher provided scaffolding by encouraging the students to articulate what they were required to do and clearly explain what they had done. The teacher used the students' meanings to cue students to a more productive solution process. The students also asked each other about what was meant be different parts of the task and explained their ideas in more detail. Thus, the challenging tasks in Condition 3 required more cognitive engagement than the regular tasks in Condition 2. In Condition 1, with the exception of tasks that built upon student knowledge, none of these supporting factors were consistently evident.
One of the six inhibitory factors for high-level cognition, Condition 1 was particularly characterised by (1), the removal of challenging aspects of the tasks, and (2) inappropriateness of time. In contrast, these inhibitory factors were not observed in either Condition 2 or Condition 3. These were (2) inappropriateness of time or (3) classroom management problems. Of the remaining three factors, there was evidence of improvement in two factors from Conditions 1 and 2 to Condition 3, and a decline in the other factor. There was substantial positive change in (4) the shift in focus from understanding to correctness of completeness. Whereas in Conditions 1 and 2, students generally completed tasks rapidly without checking their responses, students seemed to perceive the tasks in Condition 3 to be of higher stakes and invested more time and energy in solving these tasks and in explaining and justifying their answers to each other. Students' behavior on these tasks is interpreted as enhanced motivation and heightened performance orientations. There was less evidence in Condition 3 of the (5) inappropriateness of task for particular students, as determined by students' engagement in the task, the learning potential of the task for particular students, and the satisfaction that students exhibited upon completing these tasks. However, a concern was the increased occurrence of (6) lack of accountability for products from Conditions 1 and 2 to Condition 3. This increase can be explained by the irrelevance of accountability of products in Conditions 1 and 2 where most students rapidly and easily solved the tasks and students' unfamiliarity with accounting for the products of their unsuccessful approaches in Condition 3. Thus, the challenge of the tasks both increased the opportunity for high-level cognition and highlighted the need to encourage students to be accountable for their products when solving difficult tasks.
The analysis of these three conditions for learning suggests that gifted students need challenging problems for learning; need an appropriate amount of time for the task; can provide support to each other but may also need strategic support from the teacher. In undertaking the solution of challenging tasks within a supportive environment, students were afforded opportunities and encouraged to exhibit a wide range of intelligent behaviours identified by Costa (1998) .
Notably, there was enhanced demonstration of intelligent behaviours accompanied by considerable enjoyment and satisfaction with the learning experiences in Condition 3. This result suggests that gifted students require tasks and learning environments that differ substantively from the regular mathematical programs. Although these students' responses to the survey provide support for the conclusion that none of four classrooms was ideal for gifted students, as discussed previously, they also provide an insight into how classroom situations could be enhanced.
Conclusion
In this study we have sought to evaluate the impact of task problematisation on mathematical learning in gifted students. We have explored three conditions in which supporting and inhibiting factors potentially existed. In Condition 1, with the exception of one classroom, a responsive learning environment existed. However, despite the existence of supporting factors and the minimisation of inhibiting factors, gifted students were not being challenged and little learning appeared to be occurring. In Condition 2, the support factors were further optimised. Similarly, in this situation evidence of mathematical learning and intelligent behavior were minimal. In this condition, students were able to work with selected peer, the pacing of the problem solving was optimised, and scaffolding was provided as and when needed. The teacher maintained a high level press for explanation. Nevertheless, most students found the situation unchallenging with the ready application of previously learnt strategies and tasks being finished rapidly.
In contrast, the introduction of problematised tasks in Condition 3 provided the opportunity for higher-level thinking and intelligent behaviors expected of mathematically gifted students. With appropriately problematised tasks students displayed greater persistence, collaborated with peers, demonstrated flexibility in thinking, checked work, and questioned each other. All of these attributes are noted as intelligent behaviors, which should be fundamental goals in the education of mathematically gifted students. The condition also revealed some behavior that potentially could inhibit mathematical learning but which provide an opportunity for the teacher to intervene in supportive ways. Although the students were highly task oriented, some lacked particular skills to solve more complex tasks independently and had yet to develop accountability for high-level products. The challenge of the task intrinsically motivated the gifted students towards successful solutions but there may have also been an element of maintaining self-esteem. Nevertheless, this study has shown that it is only when the task becomes sufficiently problematic that gifted students have the opportunity to engage in productive mathematical activity through higher-level cognition, and to develop and demonstrate intelligent behaviors.
Implications for Practice and Future Research
This study suggests five implications for practice:
1. Gifted students should engage in challenging tasks because such tasks offer worthwhile learning opportunities and enhance interest and commitment; 2. A viable alternative to selecting advanced tasks for gifted students is to problematise regular classroom tasks; 3. Scaffolding should be used strategically to support challenging tasks but avoided for unchallenging tasks; 4. Whether gifted students work effectively in a group will be determined by the challenge of the task and the composition of the group; 5. Gifted students can waste considerable time if engaged in unchallenging work and may engage in unproductive behaviours; and 6. Effective enrichment programs and differentiated curriculum practices should be underpinned by opportunities to engage students in developing the intelligent behaviors of successful people.
This study has provided an insight into how tasks and the learning environment support high level cognition. Research is needed to explore how teachers can be supported to develop and use problematised tasks effectively in the classroom, and to investigate how these findings can be used to optimise the learning environment for gifted students in mixed-ability and extension classrooms.
